New treatment modalities are needed for the treatment of infections due to multidrug-resistant Staphylococcus aureus. S. aureus capsular polysaccharide immune globulin (Altastaph) is a polyclonal immune globulin preparation that is being developed as adjunctive therapy for persons with S. aureus infections complicated by bacteremia. In a phase II, multicenter, randomized, double-blind, placebo-controlled trial, 40 subjects with documented S. aureus bacteremia received standard therapy plus either Altastaph at 200 mg/kg of body weight in each of two infusions 24 h apart or placebo. During the 42-day observation period, antibody pharmacokinetics and safety were the primary characteristics studied. Information regarding the resolution of bacteremia and fever was also analyzed. Anti-type-5 and anti-type-8 capsular antibody levels peaked after the second infusion at 550 g/ml and 419 g/ml, respectively, and remained above 100 g/ml at day 28. A total of 316 adverse events were noted in 39 of 40 subjects. Infusion-related adverse events in Altastaph recipients were infrequent and similar to those among recipients of commercial intravenously administered immunoglobulin G products. Five of 21 (23%) subjects in the Altastaph group died, whereas 2 of 18 (11%) subjects in the placebo group died (P ‫؍‬ 0.42). Compared to the control patients, the Altastaph recipients had a shorter median time to the resolution of fever (2 days and 7 days, respectively; P ‫؍‬ 0.09) and a shorter length of hospital stay (9 days and 14 days, respectively; P ‫؍‬ 0.03). However, these findings are exploratory, and there were few differences in the other variables measured. High levels of opsonizing antibodies were maintained for the initial 4 weeks. Although the study was not powered to show efficacy, these preliminary findings and safety profile suggest that Altastaph may be an effective adjunct to antibiotics and warrants further investigation (ClinicalTrials.gov number NCT00063089).
Staphylococcus aureus is an increasingly common cause of infection and bacteremia in both the health care and community settings (14, 3, 26) . S. aureus infection is reported in 0.8% of all hospitalizations in the United States and results in significant morbidity, mortality, and excess economic costs (17, 21) . S. aureus bacteremia is commonly associated with endocarditis, septic arthritis, osteomyelitis, or other complications (6) . The rising prevalence rates of methicillin-resistant S. aureus (MRSA) and clinical strains of S. aureus with resistance to multiple antibiotics, including vancomycin (5), linezolid (19) , and daptomycin (16) , have limited the options for the treatment of infections caused by this serious pathogen. Treatment of S. aureus bacteremia, particularly MRSA bacteremia, is less than optimum, as documented by the high rates of mortality, metastatic seeding, and recurrence (14, 17, 10, 4) . Clearly, improved means of treatment of S. aureus bacteremia are needed.
A potential strategy to improve the clinical outcome in patients with S. aureus bacteremia is to target S. aureus virulence determinants via adjunctive therapy. Staphylococcal capsular polysaccharides are virulence factors that act by reducing opsonophagocytic killing by host polymorphonuclear neutrophils (18) . Approximately 85% of clinical isolates of S. aureus produce type 5 or type 8 capsular polysaccharide (1) . In the former Soviet Union, antistaphylococcal immunoglobulins have been used as adjunctive therapy for years (12, 13) . Unfortunately, many of these studies were retrospective, nonrandomized, and poorly designed. Altastaph is a polyclonal human immunoglobulin G (IgG) with high levels of antibody to capsular polysaccharide type 5 and type 8. Altastaph exhibits opsonic activity in in vitro assays of opsonophagocytosis and offers passive protection in various animal models of staphylococcal sepsis (15, 8, 7, 11) . In humans, Altastaph has been studied extensively in low-birth-weight and very-low-birth-weight neonates (2 
MATERIALS AND METHODS
Setting and study design. The study was a randomized, double-blind, placebocontrolled, phase II clinical trial conducted to evaluate the pharmacokinetics, safety, and efficacy of Altastaph as an adjunct to standard antibiotic treatment in patients with S. aureus bacteremia. The trial was conducted at nine medical centers in the United States from December 2002 to September 2004. The protocol and consent forms were approved by the institutional review board at each participating site. The study was registered at ClinicalTrial.gov (NCT00063089).
Study population. Patients greater than or equal to 7 years of age with documented S. aureus bacteremia from the peripheral bloodstream and fever for greater than 24 h following the acquisition of the index blood sample for culture were eligible for participation. Written informed consent was obtained from the patient or the patient's legal guardian. The first dose of study drug was initiated within 72 h of acquisition of the index blood sample for culture. Patients were excluded from the study if they were pregnant, were nursing, had received an investigational drug within 30 days of study entry, or had any of the following: polymicrobic bacteremia, weight greater than 150 kg, neutropenia (absolute neutrophil count Ͻ 500/mm 3 ), known human immunodeficiency virus infection with a CD4 leukocyte count of Ͻ200/mm 3 , hypersensitivity to polysaccharides or polysaccharide vaccines, IgA deficiency, or an anticipated life expectancy that precluded completion of the study.
Randomization and test product administration. The subjects were randomized in a 1:1 ratio via a computer-generated list to receive Altastaph at a dose of 200 mg/kg of body weight or 0.45% normal saline placebo. Drug allocation was concealed; and the patients, study personnel, and all health care workers were unaware of subject assignment. A single pharmacist at each institution was unblinded and performed test product preparation. The active agent and placebo were visually indistinguishable. Two doses of Altastaph or matching placebo were administered intravenously, with 24 h between infusions. The infusion was started at a rate of 0.5 ml/kg/h and was titrated upward to a maximum rate of 4 ml/kg/h over a maximum of 4 h.
Measurements and definitions. At the time of enrollment the following data were recorded: subject demographic characteristics, comorbidities, severity of illness score (Acute Physiology and Chronic Health Evaluation [APACHE II] score), baseline blood chemistry and hematology parameters, and physical examination findings. Antibiotic selection and the duration of treatment were determined by the subject's attending physician. The subjects were monitored closely during the infusion of study drug, with vital signs recorded approximately 15 and 30 min after the initiation of infusion, every 30 min thereafter during the infusion, and 1 and 4 h after completion of the infusion. Samples for pharmacokinetic analysis were taken prior to the infusion of study drug; at 10 min after completion of the infusion; at 4, 12, and 24 h postinfusion; and on days 7, 14, 21, 28, and 42. Blood samples for culture were obtained daily until they were negative for 2 consecutive days. APACHE II scores were calculated daily until discharge from the hospital. Vital signs were recorded every 6 h until the patient was afebrile (temperature, Ͻ100.4°F) for 12 consecutive hours and then daily until discharge and on days 7, 14, 21, 28, and 42. Concomitant medications were recorded daily until discharge and at follow-up visits. Adverse events were recorded and were graded as mild, moderate, or severe by the investigators. Safety was also monitored by the use of laboratory parameters.
The primary measures of biologic activity were (i) the time to resolution of the S. aureus bacteremia, defined as the number of days from the first infusion of study drug to the first day of 2 consecutive days of sterile blood cultures, and (ii) the time to resolution of fever, defined as the time between the first infusion of study drug to the first of two consecutive temperature measurements at least 6 h apart that were less than 100.4°F. Additional measures included the time to the durable resolution of fever, defined as the time between the first infusion of study drug to the first day of an afebrile interval of 7 days, and the time to hospital discharge, defined as the number of days from the first infusion of study drug to the day of discharge from the hospital. Relapse was defined as one or more blood cultures positive for the growth of an S. aureus isolate with the same serotype as the index blood isolate occurring after the definition of resolution of bacteremia had been met, and recurrence was defined as having one or more blood cultures positive for the growth of an S. aureus isolate with the same serotype as the index blood isolate occurring greater than 7 days after the definition of resolution of bacteremia had been met.
Statistical methods. All analyses were performed by using SAS software (SAS, Cary, NC). An exponential distribution for time-to-event outcomes was assumed. A sample size of 20 in each treatment arm was chosen, as a hazard ratio of 2.45 would be detectable by using a two-sided test with 5% type I error and 80% power. All subjects who received study drug were included in the modified intent-to-treat (mITT) population and were included in the safety analysis. The mITT population was used for analysis of the mortality data and analysis of other possible indicators of biologic activity. Two-sided P values of 0.05 or less were considered statistically significant, and multiple-comparison adjustments were not used. The geometric mean concentrations of type 5 and type 8 antibodies were calculated for the groups with the use of the log-transformed values from all subjects. The geometric mean antibody concentration was taken as the antilog of the mean of the transformed values. Ninety-five percent confidence intervals for the ratio of the geometric mean antibody concentrations were calculated, with intervals that excluded 1.0 indicating possible differences between treatment groups. Continuous outcome measures were analyzed by Student's t test and the median test, time-to-event variables were analyzed by the log-rank test, and categorical variables were analyzed by Fisher's exact test. Some of the statistical techniques that were used required a normal distribution of the data. This assumption of normality was checked for validity by use of the Shapiro-Wilk statistic and by visual inspection of the relevant normal probability plot. If the assumption of normality was not tenable, then a nonparametric procedure (the median test) was used to complement the normal theory procedures (22) .
RESULTS

Patient characteristics.
A total of 40 patients were enrolled in the trial (Fig. 1) . The 39 subjects who received at least some study drug made up the mITT population. In addition to standard antibiotic therapy, 21 patients received Altastaph and 18 received placebo. Thirty patients (75%) completed all follow-up clinical and laboratory procedures. Table 1 documents the baseline characteristics of the study population. The demographic parameters were similar between the two groups. In comparison to the control group, the Altastaph group had a higher rate of bacteremia due to unknown origin (24% versus 0% for the control group) and a larger number of subjects with bacteremia due to hemodialysis vascular access (24% versus 11% for the control group). The laboratory parameters were similar between the groups, with the exception of the baseline creatinine level, which was higher in the Altastaph group (4.1 mg/dl Ϯ 4.0 mg/dl versus 1.9 mg/dl Ϯ 1.7 mg/dl for the control group). Seventeen subjects had MRSA bacteremia (7 in the Altastaph group, 10 in the placebo group). Serotype studies revealed that 29 of the 39 (74%) subjects experienced bacteremia with capsular serotype 5 or 8 (16 in the Altastaph group, 13 in the placebo group). Capsular serotype 5 was the most common serotype observed (41%), followed by serotype 8 (33%) and serotype 336 (23%). The S. aureus bloodstream isolate from one patient in the Altastaph group was unavail-FIG. 1. Subject disposition. Forty patients were enrolled in the study. One patient did not receive study drug and was excluded from further analysis. Among the subjects receiving Altastaph, 5 subjects died, 2 were noncompliant, and 1 withdrew consent, resulting in 13 per protocol subjects. Among the subjects in the placebo arm of the study, one subject died, resulting in 17 per protocol subjects (1 additional subject died 1 day after the 42-day follow-up period). All subjects in the mITT population were included in the safety analysis. Figure 2 illustrates the mean antibody concentrations over the 42-day course of the study. Among subjects receiving Altastaph, the geometric mean antitype 5 and anti-type 8 levels peaked on day 2 at 550 g/ml and 419 g/ml, respectively. On day 7, the anti-type 5 and anti-type 8 levels were 244 g/ml and 199 g/ml, respectively. The antitype 5 and anti-type 8 levels remained greater than 100 g/ml on day 28 and were 111 g/ml and 75 g/ml, respectively, on day 42. The concentrations of anti-type 5 and anti-type 8 antibodies in the subjects receiving placebo were low and did not change substantially over the course of the study.
Safety. A total of 316 adverse events involving 39 of the study subjects were reported by the investigators. Nineteen of these were considered to be study drug related. Eighteen of these 19 study drug-related adverse events were in Altastaph recipients. All study drug-related events were regarded as mild or moderate by the investigators. The most common studyrelated adverse events were infusion associated events and consisted of fever (n ϭ 3), rigors (n ϭ 4), exacerbation of dyspnea (n ϭ 1), wheezing (n ϭ 1), chest tightness (n ϭ 1), and tachycardia (n ϭ 1). Other study drug-related adverse events consisted of nausea (n ϭ 1), vomiting (n ϭ 1), peripheral edema (n ϭ 1), infusion site erythema (n ϭ 1), back pain (n ϭ 1), headache (n ϭ 1), and rash (n ϭ 1). The only study drugrelated adverse event in the placebo group consisted of leukocytosis (n ϭ 1). Table 2 summarizes all adverse events reported in greater than 10% of the subjects in either arm of the study.
Seven subjects (18%) died prior to the 42-day follow-up or shortly thereafter (5/21 [23%] in the Altastaph group, 2/18 [11%] in the placebo group) (P ϭ 0.42). None of the deaths were considered by the investigators to be study drug related. A total of nine subjects (five in the Altastaph group, four in the placebo group) experienced 21 serious adverse events. None of the serious adverse events were considered by the investigators to be study drug related. The serious adverse events noted in the Altastaph group consisted of hypoxemia, respiratory failure, myocardial infarction (n ϭ 2), cardiac arrest, febrile neutropenia, pneumonia, pleural effusion, pneumothorax (twice in one subject), renal failure, and staphylococcal sepsis. In the placebo group, the serious adverse events consisted of respiratory distress, muscle abscess, empyema, endocarditis, staphylococcal bacteremia, central venous catheter infection, fungemia, and catheter-related sepsis (twice in one subject). All of the subjects who died were in the group of patients with serious adverse events.
Response measures. In the mITT population, 15 patients in each group had complete follow-up blood cultures that allowed assessment of the response (Fig. 1) . The median time to clearance of bacteremia was 2 days (range, 0 to 7 days) in the placebo group and 1 day (range, 0 to 10 days) in the Altastaph group (P ϭ 0.58). Among the patients with MRSA bacteremia (n ϭ 14; 8 in the placebo group, 6 in Altastaph group), the median times to resolution of bacteremia were 2 days (range, 0 to 6 days) in the placebo group and 0 days (range, 0 to 6 days) in the Altastaph-treated patients (P ϭ 0.3). The median times to resolution of fever were 3 days and 2 days in the placebo group and the Altastaph group, respectively (P ϭ 0.3). The times to the durable resolution of fever were 7 days in the placebo group and 2 days in the Altastaph group (P ϭ 0.09). There was a substantial reduction in the time to hospital discharge from the time of the first study drug infusion: 14 days (range, 3 to 53 days) for the placebo group and 9 days (range, 2 to 41 days) for the Altastaph group (P ϭ 0.03). Two subjects in each group experienced a relapse or a recurrence of S. aureus bacteremia.
DISCUSSION
Serious infection due to S. aureus is an important medical problem that is increasing in incidence (17, 24) . Unfortunately, despite standard antibiotic and supportive therapy, morbidity and mortality remain substantial. Fowler et al. documented an overall mortality rate of 22% in patients with S. aureus bacteremia (10) . Recently, a mortality rate of 11% was noted in a prospective study of antimicrobial therapy of S. aureus bacteremia (9) . Therefore, it is imperative that we continue efforts to develop improved modalities of therapy for staphylococcal infections.
In the prior Soviet Union, adjunctive therapy with antistaphylococcal immunoglobulins was common practice (12) . Also, the findings from initial studies of an S. aureus capsular polysaccharide conjugate vaccine appeared to be promising (23) . For these reasons, interest in passive immunization with specific antistaphylococcal capsular polysaccharide IgG is warranted. The goals of this study were to assess the pharmacokinetics and safety of Altastaph and evaluate initial evidence of its clinical activity in patients with S. aureus bacteremia.
Passive immunization with two doses of Altastaph produced high concentrations of anti-type 5 and anti-type 8 capsular antibodies that were maintained at levels of greater than 100 g/ml for longer than 28 days. Although it is unknown what levels of anticapsular antibodies are required for a therapeutic effect in patients with S. aureus bacteremia, in vivo data indicate that the prevention of S. aureus bacteremia is achieved with type 5 and type 8 antibody levels of about 80 g/ml (7, 23) .
Safety data were carefully analyzed. As expected for persons with serious S. aureus infections, nearly all subjects experienced at least one adverse event. However, all adverse events that were deemed likely to be study drug related were regarded as mild to moderate in severity by the investigators. The majority of potentially study drug-related adverse events appeared to be infusion associated and consisted of fevers, rigors, dyspnea, wheezing, or chest tightness; and further evaluation of these adverse events is required in a larger study. Similar allergic reactions are known to occur with infusion of other immunoglobulin products (6) . The high patient mortality in this investigation reaffirms the serious nature of S. aureus bacteremia and the need for improved therapeutic modalities. Although the mortality rate was higher among subjects receiving Altastaph, this may have been due to the disproportionate distribution of patients with underlying endocarditis/bacteremia of unknown origin and renal dysfunction. These differences in underlying risk factors for complicated disease may have also been reflected in the higher APACHE II scores (mean scores, 11.2 for the Altastaph group and 9.2 for the placebo group). Clearly, potential infusion-related adverse events and mortality rates will need to be carefully scrutinized in larger studies powered to better assess efficacy and safety. Although the study sample size in this phase II trial was not powered to examine questions of efficacy, several observations warrant closer scrutiny. The time to resolution of bacteremia or defervescence was longer in the placebo group, and after correction for mortality, the time to hospital discharge was significantly shorter for the group receiving Altastaph. However, a number of potential confounding variables must be emphasized in considering these favorable trends. First, antibiotic use was not controlled and was left to the discretion of the subject's treating physicians. However, the antibiotic treatments appeared to be comparable between the groups. In addition, the need for and the timing of surgical intervention or intravascular catheter removal were not assessed.
A potential limitation to passive or active immunization directed against S. aureus type 5 and type 8 capsular polysaccharides is the possibility of infection with S. aureus strains with non-type 5 or non-type 8 capsular types. The literature suggests that approximately 85% of S. aureus strains causing bacteremia are type 5 or type 8 capsular types (1) . This study found that approximately 25% of persons experiencing S. aureus bacteremia had strains recovered from the bloodstream that were not type 5 or type 8 capsular types and thus would not be expected to derive potential benefit from the test product, which is directed at the type 5 and the type 8 capsular polysaccharides. A rapid diagnostic test to define persons with S. aureus bacteremia due to capsular type 5 or 8 would help to focus this treatment for those most likely to accrue benefit.
The results of the current clinical trial are similar to those of another recently published phase II randomized, double-blind, placebo-controlled trial evaluating immunotherapy as an adjunctive treatment for S. aureus bacteremia (25) . The previous trial evaluated tefibazumab, a humanized monoclonal antibody that binds to surface-expressed adhesion protein clumping factor A. The rates of treatment failure, defined as the development of a new S. aureus-related complication, microbiologically confirmed relapse, or death, were similar in the tefibazumab and placebo recipients (6.7% and 13.3%, respectively; P ϭ 0.455). Post-hoc analysis found a shorter time to baseline complication resolution in the tefibazumab recipients (P ϭ 0.079). Taken together with the findings presented in the current report, the findings further support the potential role of immunotherapeutic agents as adjunctive therapies for S. aureus bacteremia.
Subsequent to the completion of this Altastaph study, the results of a large, double-blind, placebo-controlled trial of active immunization with an S. aureus capsular polysaccharide conjugate vaccine in hemodialysis patients was announced (20) . Contrary to prior observations, no reduction in S. aureus infections due to capsular type 5 or 8 was observed, and pending additional analysis, the sponsor suspended further efforts in the development of active or passive immunization directed against S. aureus capsular polysaccharides. However, because the trial described in this report was directed at the treatment of bacteremia in a different patient population, there remains the distinct possibility that specific S. aureus anticapsular antibody therapy might offer merit as adjunctive therapy in subjects with S. aureus bacteremia.
In conclusion, this study demonstrated that, compared to placebo, passive immunization with Altastaph resulted in elevated levels of anti-type 5 and anti-type 8 capsular antibodies for up to 6 weeks. Altastaph recipients experienced minor infusion-associated adverse events. The significance of elevated anti-type 5 and anti-type 8 capsular antibody levels on the clinical course of S. aureus bacteremia remains unknown and warrants further consideration.
